uninfested soil survived (Nyczepir or al.. 1983) . Furthermore, development of PTSL on land not planted with peaches for 75 years or more varies with exposure of trees to the cumulative population levels of M. xenoplax (Nyczepir et al., 2004) . Such evidence suggests that this disease complex is a nematodeassociated disease and the presence of this ring nematode species is required for PTSL to occur.
The current preplant nematicides recommended for managing Al. xenoplax in peach in the southeastern United States include the soil fumigants, 1,3-D (1,3-dichloropropcne) and Vapam (metani sodium) (Horton or al., 2009 ). These are the only two soil fumigants available to peach growers since the recent ban (according to the 1992 Montreal Protocol) on methyl bromide's importation and manufacture in the United States and Western Europe in Jan. 2005 (Clean Air Act, 1990) . As a result of the reduced availability of pre-and postplant nematicides in the agricultural market, alternatives to chemical control methods such as rootstock resistance are warranted and are being investigated (Batchelor, 2002) .
In the southeastern United States, the peach rootstock Guardian ® is recommended over Lovell and other rootstocks previously used by this industry because trees on this rootstock have a higher survival rate on PTSL sites, although M. xenoplax reproduces on it (Nyczepir et al., 1996; Okie et al., 1994a Okie et al., , 1994b . Since 2007, 75% of peach trees delivered to commercial growers in the southeastern United States have been propagated on Guardian® (M. Watkins, personal communication). Guardian® also has demonstrated resistance to some Meloidogyne spp., but not Pratylenehus vulnus Allen & Jensen, 1951 (Nyczepir or al., 1999 Nyczepir and Pinochet, 2001) (Beckman et al., 1998) .
Armillaria root rot is another leading cause of premature tree death in the southeastern United States (Miller, 1994) . The survival of A. tabescens on root debris in the soil frequently prevents the establishment of new orchards in previously infested sites and managing Annillaria is extremely difficult once it is established. Rootstock tolerance to Arinillaria has been identified in some plum species, which may provide an alternative management tool against this root rot disease (Beckman et al., 1998) .
Recently, genetic engineering has been used as a potential means to improve tolerance of plum rootstocks against various rootassociated plant pathogens (Nagel et al., 2008) . Developing a Prunus rootstock that is resistant or tolerant to plant-parasitic nematodes is highly desirable. The Gastrodia antifungal protein (GAFP. or Gastrodianin), discovered in the Asiatic orchid (Gasu-odia elate), is a monocot mannose-binding lectin with broad spectrum activity against fungal plant pathogens (Wang et al., 2001; Xu or al., 1998) . In vitro tests have shown that GAFP inhibits growth of Armillaria "ic/lea (Vahl:Fr.) P. Kumm., suggesting that the protein enhances pathogen defense and protects G. cIa/a from A. me/lea infection in nature (Hu and Huang, 1994) . It was recently demonstrated that expression of the VNF isoform of this lectin (gafp-]-vnf, hereafter referred to as gafp-1) in transgcnic tobacco (Nicotiano tabacum cv. Wisconsin 38) and plum (Prunus domesrica lines 4.1 and 41) suppressed root galling and reproduction, respectively, of the root-knot nematode, Meloidogyne incognita Kofoid & White, 1919 ) Chitwood, 1949 (Cox et at., 2006 Nagel et al., 2008) . Additionally, these transgenie tobacco and plum lines had increased tolerance to Phytophihora nicotianae Breda de Haan and P. cinnamomi Rands, respectively. The effect of GAFP-I in suppressing A. tahescens growth or M. senoplax reproduction is currently unknown. The purpose of this research was to evaluate the susceptibility of the three gafp-I expressing plum lines (i.e., 43, 41, and SD) to M. xenoplax.
Materials and Methods
Transformation ofplum. Transgenie plum lines were generated using Agro batter! urnmediated transformation of plum hypocotyls from seed of open-pollinated 'Stanley' and the translation of GAFP-1 was confirmed in transgenic lines using immunoblot analysis of root and leaf tissue as described by Nagel et al. (2008) . Agrobacterium turnethciensmediated transformation resulted in three gafp-/ expressing plum lines, which were designated 41, 4J, and 5D. Three transgenic and nontransformed plum tines were evaluated in two greenhouse tests. Plum lines were clonally propagated from the original, transformed, or nontransformed germplasm through softwood cuttings (Nagel ct al., 2008) .
Host response. The response oftransgenic plum lines to the ring nematode, Mesocriconerna xenopla.x, was evaluated in an airconditioned greenhouse (25 + 5 °C) at the USDA-ARS, Southeastern Fruit & Tree Nut Research Laboratory in Byron, GA. Detailed information on the evaluation technique is according to the method described in Nyczepir et al. (1996) . This greenhouse technique proved reliable in the early stages of Guardian® rootstock evaluation.
One hundred eighteen-d-old transgenic plum lines (41, 41, and SD) and a nontransformed plum line (which served as a positive control) along with 1 l0-d-old Nemaguard peach seedlings (ring nematode-susceptible) were transplanted singly into 15-cm-diameter plastic pots containing 1500 cm 3 steam pasteurized loamy sand (86% sand, 10% silt, 4% clay, 0.54% organic matter; pH 6.1). The susceptible peach, Nemaguard, was used to verify ring nematode infectivity. Plants were allowed to acclimate for 2 d before infesting the soil in each pot with 10 M.xenoplax/ 100 con' soil. This initial nematode density (Pi) was obtained by scoring in a cross-hatch pattern ( 1 cm deep) the soil surface in each pot and then pouring a water suspension of 150 M. senoplax adults orjuveniles in 40 mL water onto the scored area. The nematodes were then washed down into the soil with 300 ml, water. The ring nematode isolate used was obtained from a peach orchard previously diagnosed as a PTSL site in Byron, GA, and cultured on Nemaguard peach in a shade house. Plants were watered and fertilized as needed and pruned back to a height of 18 cm above the soil line 90 dafter inoculation to stimulate production of new roots and shoots. All test treatments were harvested 180 d after inoculation (i.e., 22 Sept. 2005 to 21 Mar. 2006) and the following data were collected: dry root weight (root systems were gently separated from the soil, washed in water, then wrapped in aluminum foil and baked at 70°C until no more measurable weight loss) and final nematode soil population density (Pt). Nematodes were extracted from a 100-cm 3 soil subsample with a semiautomatic elutriator (Byrd et al., 1976) and centrifugal-flotation (Jenkins, 1964) and counted using a stereomicroscope. Host response (resistance/susceptibility) to M. xenoplax was assessed at the end of the experiment by determining I) the final soil nematode density (Pt) of adult and juvenile nematodes (excluding eggs) per gram of dry root mass; and 2) the ring nematode reproduction factor (RD of all motile life stages, which was calculated by dividing the 'f by the initial soil population density (Pi) (i.e., Rf= Pf,Pi)] relative to the subsample. Test hosts were grouped into three classifications based on the nematode Rf rating as follows: nonhost (highly resistant), Rf = 0; poor host (resistant), Rf= 0.01 to 0.99; and good host (susceptible), PS I or greater. The test was repeated once. In the second test, younger (63-d-old) transgenic and a nontransformed plum lines along with II -d-old Nemaguard peach seedlings were inoculated 6 d after transplanting and exposed to the nematode infection for 181 d after inoculation (i.e., 22 May 2008 to 19 Nov. 2008 . Inoculation procedures. Pi, seedling handling in the greenhouse, and parameters recorded were the same as those of the previous test.
Nematode data were log 10 (x + 1) transformed and subjected to analysis of variance with the general linear models procedure of SAS (SAS Institute, Cary, NC). Appropriate preplanned single-degree-of-freedom comparisons were then used to detect differences between treatment means for Nemaguard peach versus combined plum line means following a significant F test. Means within the plum lines were analyzed using lukey's honestly significant difference test. Actual numerical data were used for table presentation. Only significant differences (P 5 0.05) are discussed unless stated otherwise.
---Results and Discussion
All plum lines combined supported greater (P :5 0.05) numbers of M.xenop/ox than Nemaguard peach (known susceptible) in Test 1. A similar trend occurred in Test 2 although differences were not significant (Table I) . However, when the final nematode population density was expressed on a per gram of dry root basis, no differences were detected between the combined plum lines and Nemaguard in both tests, indicating that all plum lines combined supported similar nematode populations as Nemaguard. Rootstock carrying capacity of nematode infestation levels as measured by number of M. xenoplax motile life stages per gram of dry root is a better measure of host resistance/ tolerance than nematodes per 100 cm 3 soil, because it standardizes the nematode populations among the different plant species tested based on total root mass . Using this criterion has proven a useful tool in the preliminary identification of tolerance in Guardian® to M.xenopla.x Nyczepir et al,, 1996) . It was determined that specific Guard-ian® lines suppressed M. xenoplox populations relative to Nemaguard rootstock, but not Lovell. Among the plum lines tested, the number of Al. xenoplax per gram of dry root was lowest (P :5 0.05) with transgenic line 50, intermediate with the nontransformed control line, and greatest with line 4J in both tests. In Test 2, transgenic line 41 also supported a greater (P 0.05) number of M. .venoplax per gram of dry root than line SD, and in Test I, a similar trend was detected although differences were not significant. The lower final nematode densities observed on the transgenic plum line SD reflect a more vigorous and developed root system of this line compared with the other lines tested in this study and also that of Nemaguard peach rootstock. This observation is substantiated in that total dry root weight for transgenic line SI) (1ests I and 2 = 12.11 and 22.51 g. respectively) was greater than transgenic lines 41 (Tests I and 2 = 7.30 and 7.54 g, respectively) and 4) (Tests I and 2 = 9.69 and 8.65 g, respectively) and also the notitransformed control line (Tests I and 2 = 8.04 and 7.48g. respec(ively) and Nemaguard peach (Tests I and 2 = 2.11 and 5.66g. respectively) (data not presented in Table I ). Plants with large root systems usually support larger nematode populations than plants with reduced root mass.
It is not certain why transgenic line SD, with a larger root system than the other transgenic lines, supported fewer M. xenoplax per gram of dry root, but this specific transgenic line is known to have different genetic and disease performance characteristics than transgenic lines 41 and 4.1 (Nagel et al., 2008) . For example. Line SD has multiple copies of the gqfp-i insertion (versus 4.1 = one copy and 41 = two sopies). Despite these potential genetic advantages, line SD is more susceptible to Phvtop/rtloro cin,run,on,i infection than transgenic lines 41 and 4J. Furthermore, transgenic lines 41,41. and SD were all shown to support lower populations of the Southern root-knot nematode (Al. incognita) compared with the inoculated control line, but greatest effects on suppression of root-knol nematode galling and reproduction were observed in transgenic lines 4) and 41. To possible explanations for the different response of transgenic line SD when exposed to the infestation of a species (Al. xe,rop/ax) belonging to another nematode genus having different parasitic habits may he attributed to I) specific feeding sites on the root and nourishment needed to promote reproduction at'these sites; and 2) multiple ga-1 gene copies in this line SD. Nematode feeding sites on roots differ between a sedentary endoparasite such as the root-knot nematode and a migratory eetoparasite such as the ring nematode. Meloidogyne spp. penetrate at the root tip. become sedentary within the root, and form feeding sites called giant cells within the vascular cylinder region. These endoparasites remain sedentary and feed on established giant cells for the remainder of their life cycle (de Gtriran and Ritter. 1979) . In contrast, ring nematodes feed from individual conical cells further back on the root for up to 8 d and their to a new feeding site along the toot (Hussey et al.. 1992) , which is modified into discrete food cells. In this study, transgenic line SD appears to provide less nourishment to M.xenopkn-than lines 4J and 41, which is contrar y to its effect on M. incognita ( Nagel et al.. 2008) . It is not certain if the GAFI' lectin in transgenic plum line SI) suppressed Al. .venoplax populations through feeding or direct contact, but like Al. incognita, Al. xenoplax requires specialized feeding cells for sustenance and reproduction. xnoplax juveniles or adults/I00 can' soil. Rf rating, as follows: nonhost (highly resistant), Rf = 0; poor host resistant). Rf 0.01-0.99; and good host (susceptible), Rf I or greater. Data are means of 10 replicates. 'The single-degree-of-freedom comparison between the means for peach versus combined plum lines was significant (P S 0.05). Means within plum lines and column followed by the same letter are not different (P 5 0.05) according to Tukey's honestly significant difference test.
Lectins are carbohydrate-binding proteins that have been found in many plants and their properties have been linked to a variety of plant functions, including defense against various plant pathogens (Hu et al., 1988; Koo et al., 2002; Lee et al.. 2003; Van Damme et al., 1998; Wang el al., 2001 Wang el al., , 2004 . it was reported that expression of a monocot mannose-binding lectin (GNA) conferred partial resistance to Al. incognita in Arabidopsis (Ripoll etal., 2003) . The mechanism of plant resistance is not known, but it is believed that GNA may bind glycoprotcins on chemoreceptors associated with amphids and (or) the nematode surface. Such disruption would ultimately interfere with nematode sensory discernment and the ability of the nematode to form the essential feeding cells needed for nourishment (Thomas and Cottage, 2006) . Furthermore, it was reported that some transgenie Arabidopsis lines were more resistant to M. incognita than others and that the most resistant lines did not contain the most copies of the T-DNA insertion region containing the GNA-expression cassette (Ripoll et al., 2003) . A similar phenomenon was reported when gafp-]-expressing plum lines were challenged with At incognita (i.e., transformed lines 4.1 and 41, but not line SD) (Nagel at al., 2008) . In contrast, transgenic plum lines 4.1 (one gafp-.1 gene copy) and 41 (two gafp-J gene copies) supported greater M. senoplax populations than line 5D (four gafp-J gene copies) when compared on a per gram of dry root basis. it appears that increased copy number or transcript expression levels may be correlated with suppression of M. xenoplax populations, but not Al. incognita.
All plum lines tested in this study were rated as susceptible hosts (Rf I or greater) to Al. xenopinx (Table I) . Differences bdtween the combined plum lines and Nemaguard and among the individual plum lines were variable. In previous greenhouse trials, there have been no reports to date of a Prunus selection that supported little or no population increase by Al. xenoplax (i.e., Rf U to 1.0); this includes Guardian® peach rootstock and a number of plum eultivars such as 'Myrobalan' plum (Nyezepir et al., 1996; Seshadri, 1964; Westcott et at., 1994) . The results reported here substantiate that plum is a host to M. xenoplax. However, differences among transgenic lines are present in the current study with the number of Al. xenoplax per gram of dry root being lowest with transgenic line SD.
Host susceptibility of line 50 to root-knot nematode versus M. renoplux is intriguing, because similar host reactions have been reported for some commercial peach rootstocks. For example, Lovell (root-knot nematodesusceptible, Al. xenoplax-susceptible) is known to survive longer on PTSL sites than Nemaguard (root-knot nematode-resistant, Al. xenoplax-suseeptible). Although the transgenie line SD was determined to be a susceptible host to At xenoplax based on Rf I or greater, additional field testing of this line in an orchard having a history of PTSL. and (or) infested with Armillaria root rot (A. tabescens) would be of interest to determine if tree survival is prolonged or otherwise altered.
